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ABSTRACT: A series of new semi-rigid polyspiroacetals with flexible side groups was pre-

pared by interfacial polycondensation

reactions of

4,4" -bis-( p-aminophenoxy)-

dibenzalpentaerythritol with 2,5-dialkoxyterephthaloylchlorides having different alkoxy side
chains. The resulting polymers showed improved solubilities in common organic solvents such

as N,N-dimethylacetamide, N-methyl-2-pyrrolidinone, m-cresol, etc. All polymers dissolved

in these solvents could be cast into good quality films. The glass transition temperature (T)

of the polymers decreased with increasing length of alkoxy substituent from 177 C to 103 °C.

It was also found that the polymer decomposition starts in the temperature range of 270~

320 C, and their residual weight was in the fange 27~36%, depénding upon alkoxy side
chain lengths. According to X-ray diffraction studies, all polymers were found to be nearly
amorphous due to flexible ether linkage in polymer backbone. The solution-cast film of PSA-

-4 having butoxy side groups showed tensile strength of 43 MPa and Young’s modulus of

2000 MPa.

Keywords: spiroacetal, flexible side chains, aromatic polyamides, semi-rigid backbone.
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T R AE HEFR 9 Bl o] &ut AAYAH
Eetago 2 A3 HYl AAYAH FepaEe
19589 DuPontAl7}t “F&o df&3h= &afxE"o]
& £3 old polyoxymethylene (POM)2] 7jeH&
A& ol 1 HAbr} obF 404do] A EHA FUA
T 2 AGES Hol1 stk ol: HIEC #F
e 1453 4, S AE 283, FH3}, 1
718 e FaFt @ AAF g g 4
92 FaRrt AAAHCZ 7t FA A7 9
ojt}, v

¥ 230 2ol & (spiroacetal) B9 E3
ALYS FEAE Aoy FejrgozA
ol 8THE 2okl §8& 7ol e 2L
A el F shuo|th. o] FAE B 2%
7} el e doly] o olF FF 2
Y FEE H 2ol Bab ARETY] M &Fo] Al
FHolmz g §82%, 3EE AP ¢ ¢
ZIAE 4AE B 1iE @ uREE 8TEE
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27 % AF FRaAT.

Alold] f-A7|2A SElE AR de =g E A4
A7l A28 ZTjoi| =g A3l o5 T
BA7te] #AE AR did

o H

Al 2. oHlE, AL, FHE (o] FU3

S AMEEIE B ES UEF AR AEA

2 F Zask] AgET, WAL GenEoR 7
T3 N-methyl-2-
pyrrolidinone (NMP), N, N-dimethylformamide
(DMF), N, N-dimethylacetamide (DMAc), dime-
thylsulfoxide (DMSO) (°]4 Junsei®] #) T2 A
FEF3t ATt Dowex 50W-X8 ol
#%] (Dow Chemical) & 30% 34t 20z 24
AL Bt AxAIZ F AR Pentaeryth-
ritol#} p-hydroxybenzaldehyde (©]4 Aldrich) %
< E8A%E adz Ae-stg

71 71. 49 d3Ae F2E &Usp] HAstd
Bio-Rad FT-IR spectrophotometere} Bruker
300 MHz 'H-NMR spectrometer& o| &3, ¢
AEAe Cambridze Model 216E-3SSS C/H/N an-
alyzerg ©]&-39th. $8A < €3 A%& DuPont
2100 Model 910 <Az} 8417 (differential
scanning calorimeter, DSC)& o]&3l¥ 1, 4<HA
A Z#e DuPont 9900 Model 951 ¥Z% £47|
(thermogravimetric analyzer, TGA)E o] &3}
b E=3 FEAe ZATE #Edle  Rigaku
Model D/MAX-TB X-ray diffractometerE o] &
s, EAe JIAUYE 2 €A LS Instron
Model 11252 ZAslgon, N HeE
Ubbelohded H=Z&A7]2 NMPE o] &3l 0.5g/
dLoA FalEct 553 &3 L Fisher-Jones x|
& o] &3t

CHabx| 9 8.

2,5-Dialkoxyterephthaloyl chloride (ROTPC):
ROTPC+= diethyl-2,5-dihydroxy-terephthalate2]
| =8A]7)9] 8] AkE ZHol9 alkyl bromide& 2
FA1A 2,5-dialkoxyterephthalateE A8l o] A
£ 733l 2,5-dialkyloxyterephthalic acidZ 1}
E % thionyl chlorideZ gA3IA 7 Ich2
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4,4’ -Dihydroxydibenzalpentaerythritol (4-HBP) :
Dean-Stark trape] AX|¥ 500 mL £-39) Zgtx
o 48 g9 gol WFFAQl Dowex 50W-X83}
133 gl DMSO, 2E]x 165g9] WA EFEHE
90~92 €9l &=olA 12417t FF FFATIEA o]
o) LA 3H= 522 Dean-Stark trapg o238l A
Asigth F83) PR o] EFES deoz 4
31 oyl 25g (0.18 mol)®} pentaerythritol®}
45.8 g (0.38 mol) 9] p-hydroxybenzaldehyde& 2zt
Z+ F71eln o| 28l 717k Eo) AAE wrx 2
& 2xolM of 24417t Ft BRAID F Ao
Dowex 50W-X8& A|A 3ttt oafe}g 200 mLo]
AR HH3E] Fo] FAA ohg WA AH WA
AAES du, Wdoz i e ¥ g Hx3)
o 4-HBP& 4tk o] 33t=e +5&% 89%
(56g), =4 252 Colr}. IR (KBr pellet,
em™'): 1020, 1070, 110, 1200, 1240 (spiro C-O
stretching); 2700-3500 (OH stretching); 1430-
1490; (CH, bending). 'H-NMR (DMSO-dg, ppm):
9.57 (s, aromatic-OH); 7.25 (d, aromatic-H); 6.8
(d, aromatic-H); 5.3 (s, spiro-CH); 3.6-4.6 (m,
spiro-CH,).

4,4’ -Bis( p-nitrophenoxy )dibenzalpentaerythritol
(4-PNBP): 100 mLL8] Zelx=] 14.04 g (0.04
mol) ¢] 4-HBP$} 13.43 g (0.10 mol) ] p-fluoro-
nitrobenzene, 28|31 1542g(0.12mol)e] FF
potassium carbonate¢} 60 mLe] DMF EHEE
12212k B9t wukslAA BFAI7 F A3 ¥4
NeEREL B deg 111 £EEEY 120mL
o Fo FAEL B3 EZ o3 A 4t o]
DMFg AZ2Aslq AF3dzx F 175g(73%)9
4-PNBP& 93, & 224~227 ColUH
IR (KBr pellet, cm™): 1020, 1070, 1110, 1200,
1240 (spiro C-O stretching); 1510, 1340 (NO,
stretching); 1430-1490 (CH, bending). 'H-NMR
(DMSO-dg, ppm): 8.25 (d, NO, ortho);7.55(d,
spiro-CH ortho); 7.15 (m, ether ortho); 5.58 (s,
spiro-CH); 3.75-4.58 (m, spiro-CH,).

4.4 -Bis( p-aminophenoxy )dibenzalpentaerythritol
(4-PABP): 150 mLe] Z&}239] 9g (0.015 mol)
©] 4-PNBP#} 0.27 g¢] Pd/C(10%) E#&& 7}

ra

Fao A20d A4z 1996d 74

& Fa whg7le Y oF 80 psie] FAEE 7Hete
o olAel Fa7t H7bEA] ¥& f7hA] awtsie g
SAIZTh whgo] FREHWE g EFES Al
Pd/CE AAT ¥ 1 NS FA#e] A7ke B
Ho] AR du Aehgz Qe F 1% Az
74g(91%)2 4-PABPE %lon, o &
EE58e 220 TR IR (KBr pellet, cm™): 3300
(N-H stretching); 2960, 2850 (aliphatic C-H
stretching); 1620 (aromatic C-C stretching, N-H
bending); 1220, 1180, 1070 (spiro C-O stretch-
ing); 730 (N-H wagging). '"H-NMR (DMSO-dg,
ppm): 7.35(d, spiro-CH ortho); 6.7-6.85 (d,
ether ortho); 6.58(m, NH, ortho); 5.45(s, spiro-
CH); 5.02(m, aromatic NH,); 3.62-4.55(m,
spiro-CH,).

S| BN, BE S35 9hg-2 A 2AHF A
ofsle] At FEAEY 3 PHol F
¥z  2,5-octyloxyterephthaloyl  chloride
(ROTPC-8)¢} 4-PABP=RE|Q] Z¢d FAAMR
& 713t} 049 g9] Na,COz& 35mLe] B =
ol & 1.57 g (4.59 mmol)2e] 4-PABPE H7}3ic}.
o] ¥g EFES 7|Al R 0 CollA 2087
a5 Aol Fa 7o) 2.11 g (4.59 mmol) 2] 2,5-
dioctyloxyterephthalic acid chloride& 56 mLQI
e HA FAIZ A7lE F o 1412
£ 0TS HA8RA AQaA mAAT of v
S EFHES g AAE F3 E, oMHE, 27
3 g3mgdo A&sA AL F NMPo| Ho|x
gk AAAE ol 60 Co 2E2 JFHZY
oAl 48A17F T}

an o g

BN W T gol. A zoigs x§ste Hol
Yl 4249 ©Edq 4-PABP+= Scheme 1914 2
= ule} o] p-hydroxybenzaldehydest penta-
erythritol & AtZu] sld|A] 9$A|A 4-HBPE ¢
i1, o 7)ol 4-fluoronitrobenzene-g F71&0] 3jol| A
SAA & Trh] JER7]7 X8 4-PNBPE
7t Bdz 9 ¥ Pd/CE &z 3l 2 9
go] YERY|7} ojuy]2 $9% 4-PABPS

ul oy
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Scheme 1. Synthetic route for spiroacetal-containing
diamine.

-
Ho—0-0-0~0-a
SPA- RO

R=-CH; n=4(SPA-1I -4) n=10(SPA-1-10)
n=8(SPA-1-8) n=12(SPA-1-12)
n=6(SPA-1-6)

Scheme 2. Synthetic route for aromatic polyamides
having spiroacetal moiety (SPA-II).

FABIA T o] G = EHo Rud Wygow §
A% 2,5-dialkyloxyterephthaloyl chloride$}? ¥lkg-
A|# Scheme 2s} o] F§A SPA-I A =ZE
#4383t ol FHAe 7= UL IR ¢ 'H-
NMR 233EAE olgste AAsch Fig. 1]
Hd IR 2¥EZE BH o= A C=0 4
AE% N-H 58 2 C-N A23%L 1690 cm™ 3}
1550 cm™oll A, spiro-CH, F3AFd 71998 &+
& 1460 cm™, 1420 cm™ 2 1385 cm™d|A,
G JdH 29 AT FFHYE 1230 cmdA 7
Zt ERIE AT T7 L2 AlEZel7)
ZolA 42 2850~2960 cm™ oA Lteh}= C-H Al
2% F59 AVI7 ¥E BHAE e BERY
T AR o] o ofm=e] NH A&H 59 F5
u}7} 3350 cm'oll A UElste).

'H-NMR 2"e3% ¥H o2 Fig. 2] =24
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Figure 1. IR Spectra of polyspiroacetals with flexible
side chains (KBr pellet).

SPA-II-69] 3}8}3 o]% (chemical shift: §)& 4
HEH ¢FA)719] Akzd -OCH,(CH,) LCH;o] o
o]ZE 1.0~2.3 ppmojlA], -OCH,(CH,),CH;9] 9
H27] g9 CH, 7o]32& 4.08~4:3 ppmdAl,
spiro-CH,2] #o]|a& 4.55~4.8 ppmoA, 281
W= _Hol mjo]aE 7.3~8.25 ppmol| A 7t #F
g 5 AU o9} tiEe] 9.9 ppme] FHelzE o}
uj=9] £4d 7]2153 11.5 ppme] dojaE o] F
9] o2 29 trifluoroacetic acid®} 49
71903 Heolt}. #AH o) mlo]A9 x|} ]
7t AEFE T A AR o, 53] GFA)
o] @7 Ale Zo7} ZAojA4E 4dZFAsIY wEd
gl 710% Flolaef Al7)7} vHFH ez Frlshe
Ao 2HEH FRE 3= A/ AHUSE &
& A =E3 Table 19& ol 89 94

24 AR HE, T2n $58& AN o

714 B f4ARXN Z3 C H, N9 2d49e] o]
@3 Adgte]l 34 23 HY oA dAFs Ao
2 Hol £33tz H4 Aadirel go] Yite F3j
Ao FRAE Al I F A} 23
SPA-TI Aglze] $58& 67~93%0I11, HA
=& NMP §902 05g/dlLe] $E& 25 ColA
Ubbelohde B EAE o] &3t =8 A7 044~
0.76 dL/ge] Wlmd & @& el FAE9
ExpEgo] 433 & HAog Az,

Sthlel M U PE. B AT FYT 2%
Aol $AN=S FAMlY 1 ZAE Table 29 A
th 2 ZoEg ¥¥ste FF nEAE i
2o FAadint 3o 2 L5 E Aoz HuHY

Polymer(Korea) Vol. 20, No. 4, July 1996



2ol ge THHE BYE Foivi=el YA 240 B A7

g( ,

L
=
.

Yoy )
Ne S
T 1

T T T T T 1
5.0 4.0 3.0 2.0 1.0 0

Figure 2. '"H-NMR spectrum of polyspiroacetal with hexyloxy side chains SPA-II-6 (CF4;COOH-d, TMS 6=0

ppm).

Table 1. Yields, Viscosities and Elemental Analy-
sis Data of Polyspiroacetals

yields viscosity® elemental analysis® (%)

(%) (dL.g) C H N
68.56 5.91 3.75
(69.54) (5.29) (3.77)
69.42 6.43 3.34
(70.03) (5.62) (3.63)
69.51 6.87 3.25
(70.57) (5.92) (3.50)
70.60 7.12 3.60
(71.08) (6.21)  (3.38)
71.25 7.79 3.75
(71.56) (6.48) (3.27)

9 Measured in a concentration of 0.5g/dL. NMP solution at

25<C.

® The value of parenthesis are theoretical values.

polymers

SPA-1-4 76 0.44

SPA-1-6 71 0.76

SPA-1-8 70 0.61

SPA-1-10 93 0.48

SPA-1-12 67 0.47

Ed# o] x4 ¢FA] Arlen A F3A 2
A fFANE HoAE = UE dHEE =Yoo=
#  DMAc, m-cresol, NMP, p-chlorophenol/
tetrachloroethane (6:4, wt.%) %9 &7j&udx
ol gt FAEHUES VY = U g}
A o]2f% guj = HE §ujF¥ (solvent-casting)ol]
ofaf whate] JFo] sl h

&2/ A20A A43 19963 7Y

Table 2. Solubility of Polyspiroacetals with Fle-
xible Side Groups

solvents polymers
SPA-1-4 SPA-1-6 SPA-1-8 SPA-1-10SPA-1-12
DMF - -- - - -~
DMSO - - - - -
DMAc +- +- +- +- +-
m-cresol +- +- +- +- +-
NMP ++ o+ 4+ ++ ++
-chlorophenol/TCE
(60140 wL%) + o+t ++ ++
+ + : soluble.
+ —  soluble by heating.
— — > insoluble.

A AT 2 AMAN L GARHEAY)
(DSC) 2t 45347 (TGA)E o83l ZARIY
o} Fig. 39} DSC F4A B ulslzio] ¢A]y)
o &7t 42 SPA-TI-4& H2Hol=(T) 7
177 C2 Jehgta 23719 AleZdo|rt Zr1es
T T71 Hol s @4ol Bas o FAkze] Zols}
7b¢ 71 SPA-T-129] 3% T,=106 C& %45
ATt ol F ol UFA BAlEo| slaAEZA o
g 3] WEoz A" obge SPA-II-4,
SPA-II-6, SPA-TI-8% A%+ AL A e 300
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Figure 3. DSC thermograms of various polyspiro-
acetals. Dotted lines indicate second heating curves of
same samples (10 'C/min, N, atmosphere).

T AloldlA HE3e] BEEHA g AoR Hol A
o AAAe) gle Aoz BATh Ty 4 Ak
Zol7} 21 SPA-I-10& 250 C A ®lay
& 4gE A4S Bd, o] ARE ] WAAA A7t
g3le] DSC F4& oo £ Az o] Folag Alet
At wety o] mlo)laE as-polymerized A]&9]
EEAQA EFUA A 52 Ak 724
Q1 ZAX3E A oF JEhd 2oz AgE. &
3t SPA-TI-12¢] DSC ZolA #&=<= 185C 2
Aol Aol o3t Fdulola A BAKEe REFHQ
243 71903% Aoz wuE. o] AlRE 23 7}
dalA @& DSC F4dA e SPA-T-104 2} 2
o] {3 gt Wyt FAE A skt
Fig. 49 29 TGA F4& 4wy olg F

A 27 B3 L5 272~315 C (Table 3 ¥%)
2A dedAdel Hlmd FaEen, 800 CAA
o] AE AL dFZAVY AAE Holrt FtEF
2 RHA Airds A Bo SPA-II-49} SPA-
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Figure 4. TGA thermograms of spiroacetal flexible
side chains (10°C/min, N, atmosphere).

Table 3. Thermal Properties of Polyspiroacetals
with Flexible Side Units

TS T Ts residue at 800°C

polymers

(C) (C) (C) - (%)
SPA-1-4 177 312 475 35
SPA-1-6 158 315 460 32
SPA-1-8 128 283 475 30
SPA-1-8 128 283 475 30
118
SPA-1-10 (118) 278 465 28
106
SPA-1-12 (103) 272 440 27

¢ Tg: Glass transition temperature (parenthesis value was ob-
served by second heating).

b T,4: Initial decomposition temperature.

¢ Tso - Temperature at 50% weight loss.

I-12& z47 35% 2 27% 2 35 Ach

Ao o 2L FA3r] Yk as-po-
lymerized® A|E9] Fz} X-A A AYPE HAE)
o Fig. 5ol +E31Ht}. A714 B #o]=z9] By
o] A9l ¥z el & el FHEAY 2R A
SAY g 23S 4 ¢ Uk 2AREe Zols}
Z7Hgdl wep el Aol REol=dl SPA-
1-109] Z9$ as-polymerized® A|EE 225 ColA

Polymer(Korea) Vol. 20, No. 4, July 1996
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Figure 5. Wide angle X-ray diffractograms of poly-
spiroacetals with flexible side chains.

3A1ZY @x8)3 A3 Fig. 6914 BE uie} o] 26
=22°(2.06A)2] Ho|=ze] A7|7} FVlsle Aoz
Hol ZAAo] 1 Frhske A& EAE + A
th 28y o] A|RE 250 C7HA] 7183l WAAl
F AL XA FAE A A €2 FYE e
Wz gl AAAYe] AlEMRE & & Ut B E ZA}
£o] 1 FFAANA thirel ARl de Rez &
gEY S3A ZFd dEHlErle] myez s A
A ZHAEE oz A gozn oju B dArHe
A B §94 Zabso] X#E AE A Zol
A Table 49 v|gtd Z2AHPo| ZA IAMHAES
% 4 UM

qgAe A JAH dEe dotRy] H38)
NMPE o|&3le LujFdd o3 433
Instrong& o] &3ty A=} °‘2J qEE
Qdon 1 AnZ Table 49 F
H SPA-T-42] AAZGE} E"*Q%?_ Z}Z-} 43 MPa
3} 2000 MPagA 7]&o)] &e{3l polycarbonatet}
poly(ethylene terephthalate)®} & dixvolgy &

E2|ol A203d A4z 19963 7Y

gelolu=e] Y43} B0 B A7

Intensity (a.u.)

10 20 30 40

28
Figure 6. Wide angle X-ray diffractograms of
SPA-1-10 with different thermal histories; (a) as-

polymerized sample, (b) annealed at 225 °C for 3hr,
and (c) annealed at 250 °C for 3hr.

Table 4. Mechanical Properties of Poly-
spiroacetals with Flexible Side Chains

tensile strength  young’s modulus

sample

(MPa) (MPa)
SPA-T1-4 43 2000
SPA-1-12 28 1340
polycarbonate 65 2400
poly (ethylene
terephthalate) 5 2350

BFA"O? Ae) e e BYTh 7 BAbeol
=909 SPA-T-129] ZA$oME= AA Z=gA|U
N BAE He Abee) Wt Folgone SPA-
[-4o] mla) 7172 4do] tha 7ask] AFAE
7} 28 MPa, Z18]al & &L 1340 MPa & eyt
.
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FARZd] dHE AYREE e WFPS 252 ol
A ZEjolul=el fAA BT BAkse] #AE £
RAADBAE 2 FEEE s ol EAT
T2E ZARIAT. @il F¥AHE DMAc, NMP,
m-cresol T &35 oH o5 fuj=FE FA9
wmd o] 739, HEE 0.44~0.7dL/go 2
23 FA velkdth

FHAEY QR AT MBS 2ARE A T,

= 103~177 C, 27|18 LxE 272~315C2 2
Abg Aozt FReE HAashke Y HAS 5
3 Arke dol7t AoidwE T,o AT 28R
& AFA BAkzo] FRAUM FtaA 48
7] dEgoz Y4Ec).

ZFEAe 72E X-A Aoz EYEa BE
FEAEL A9 FARUol AFHULH BAte 2
o]7b 2 AgdllM = A2l Az Aol At AA
F& AP £ At olAF olfe T F
Abgo] ofm] 4 delEriz s HHgol »M
HAA T BArE L PEH oz A7) Thed A
2 goEd.

ZEA ] 71AAH AL AUy Y
of gdtsidon FAke Aozt AodSF FAks
de] ez J8 Fxmet g gol g vt
3 %5d 1A AL SPA-T-4oA FAREH
AZ7%E ¢ wdgol ztzt 43MPa ¥ 2000 MPa
2 3=

N

LAl 2 E A= 199595 SERAEA T
FRIA Ao o3t FHEHUA oM o]d ZHALe]
=g 13y
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